In this paper, a novel method has been established to determine ethamsylate using potassium ferricyanide as a spectroscopic probe reagent. It has been demonstrated that Fe(III) is reduced to Fe(II) by ethamsylate, and that the formed Fe(II) reacts with potassium ferricyanide to form soluble prussian blue (KFe III [Fe II (CN)6]). Beer's law is obeyed in the range of 0.16 -24.00 µg mL -1 with the molar absorption coefficient of 2.1 × 10 4 L mol -1 cm -1 . The detection limit (3 σ/k) is 0.11 µg mL -1 . This method has been successfully applied to determine ethamsylate in pharmaceutical and serum samples with satisfactory results, and presented quite satisfactory credibility during method equivalence assessment.
Introduction
Ethamsylate (ESL) or 2,5-dihydroxybenzenesulfonic acid with diethylamine is a homeostatic agent that appears to maintain the stability of capillary walls and correct abnormal platelet adhesion. 1 This agent is commonly given for the prophylaxis and control of hemorrhages from small blood vessels in surgery and clinical conditions. [2] [3] [4] Although this compound has been extensively applied for clinical purposes, only a few methods have been reported for the quantitative determination of ethamsylate in pharmaceutical and biological fluids; these include spectrophotometry, 1 electrochemistry, [5] [6] [7] chemiluminescence, 8 and HPLC method. 9 Equivalence assessment will demonstrate that results obtained will not differ importantly when different methods are used for the same intent. Method equivalence assessments should be considered when analytical methods are either modified or substituted. If there is a significant risk that different results will be generated as a consequence of a method modification (substitution), then an assessment of equivalency should be performed. Prior to starting an equivalency study, an acceptance criterion (an acceptable bias between original and modified/ changed method) must be chosen. Equivalence testing is used to prove that the new method can generate data which continues to support previously established specifications. In this paper, t test has been selected.
t test is used to compare the methods based on the provision that there is no significant difference between the standard deviation of the two data sets. The null hypothesis states that the two methods are identical and that any difference is due to random error; thus, we can state H0: µ1 = µ2, 10 where µ1 is the population mean of the reference method, and µ2 is the population mean of the proposed method. 
Here x1, n1, and s1 represent average value, sample numbers, and sample standard deviation of the reference method respectively, and x2, n2, and s2 represent those of the proposed method. In Eq. (1), t is the test statistic of t distribution with degrees of freedom, n1 + n2 -2. Then t is compared with critical value of t. If | t | > tcrit, then reject H0, because there is a significant difference between these two methods. If | t | < tcrit, then accept H0, because there is no significant difference between these two methods.
As an electrochemical probe reagent, potassium ferricyanide (K3[Fe(CN)6]) has been used in studying the electrochemical characteristics of electroactive substances, such as the reversibility of electrode reaction processes, chemical reaction processes, and the electrode's adsorption surface area. [11] [12] [13] Due to its oxidbillity, K3[Fe(CN)6] also plays an important role in chemiluminescence. 14 In this paper, a novel method has been established to determine ESL using K3[Fe(CN)6] as a spectroscopic probe reagent. The experimental results show that Fe(III) is reduced to Fe(II) by ESL, and that the formed Fe(II) reacts with K3[Fe(CN)6] to produce soluble prussian blue. 15 The maximum absorption of this product is at 735 nm and the absorption coefficient is 2.1 × 10 4 L mol -1 cm -1 . The linear range is 0.16 -24.00 µg mL -1 and the limit of detection is 0.11 µg mL -1 . High apparent molar absorption coefficient, wide linear measuring range, low detection limit, simple operation as well as low cost all can be obtained by this proposed method. In order to demonstrate the performance of the described method, we determined ESL in pharmaceutical and serum samples by using this novel method; analytical results are satisfactory. According to the results of t test, | t | < tcrit, accept H0: µ1 = µ2, and there is no significant difference between these two methods; therefore, the proposed method has been supported quite credibly by the method equivalence assessment.
Experimental

Reagents and solutions
Unless specially stated, all reagents used were of analytical grade and all solutions were prepared with distilled water. the main solutions were prepared as follows. A stock of standard ethamsylate (ESL) solution (5.00 mg mL 
Apparatus
A Model 7230 spectrophotometer (Xiamen Analytical Instrument Plant, Xiamen, China) was employed for photometric measurements. A Model T6 UV-visible spectrophotometer (Beijing Purkinje General Instrument Co., Beijing, China) was used for scanning the absorption spectrum. A BS 110s electroanalytical balance (Beijing Sartorius Balance Ltd. Co.) was used for weighing the materials. A Model CS-501 super thermostat instrument (Chongqing Experiment Equipment Plant, Chongqing, China) was utilized for controlling temperature. A Bruker D8 Advance X-ray powder diffractometer (Germany) was used for XRD measurements.
Injection sample treatment
Prior to analysis, a 2-mL ESL injection (2 mL: 0.5 g, Tianjin Jiaozuo Pharmaceutical Ltd. Co., Jiaozuo, China) was taken into a 100-mL standard flask and diluted to the mark with distilled water. Then the solution was mixed well and preserved at 4 C without light.
Serum sample treatment
Whole blood (20.00 mL) from volunteers (provided by college hospital of Henan Normal University) was aliquoted into centrifuge tubes and centrifuged at 3000 rpm for 10 min. The upper plasma layer was transferred to a new centrifuge tube, and the same volume of HClO4 (1.00 mol L -1 ) was added into the solution in order to precipitate the protein completely. The superfluous HClO4 was eliminated by K2CO3 and ethanol. Then the mixture was centrifuged and the upper solution was preserved at 4 C without light.
Proposed procedure
We next transferred 1.00 mL of 40 µg mL -1 ESL, 1.20 mL of
FeCl3, 1.00 mL of 1.
K3[Fe(CN)6] sequentially into a 25.00-mL color comparison tube. The solution was diluted to 12.50 mL with distilled water and this mixture was shaken well. Then we let it stand at room temperature (15 C) for 10 min. Afterward, the absorbance of the solution was measured at 735 nm against a reagent blank prepared in the same way, but with no ESL.
Reference procedure
A potential difference ΔE of 0 V was kept across the two platinum wire electrodes and the cell current was recorded by the CHI660 workstation. With the valve kept in the sampling position, 0.50 mol L -1 H2SO4 carrier solution at the rate of 5.60 mL min -1 was continuously pumped into one electrode room of the biamperometric detector and 20 µL of potassium permanganate solution was sealed in the other electrode space and kept immobile. When the baseline was established on the recorder, 150 µL of standard or sample solution was injected into the carrier solution. Calibration graphs of the cell current versus ESL concentration were plotted and the content of each sample was determined.
Results and Discussion
Absorption spectra
According to the procedures, the absorption spectra of soluble prussian blue is recorded from the reaction among ESL, FeCl3 and K3[Fe(CN)6]. As can be seen in Fig. 1 , the maximum absorption of the soluble prussian blue (1) is at 735 nm, where the absorbance of the reagent blank (2) has lower absorption and ESL (3) has no absorption. In order to obtain the highest sensitivity, all the following measurements are carried out at 735 nm against the reagent blank.
Influence of ferric chloride
The amount of FeCl3 is studied in the proposed procedure, and the influence of FeCl3 is shown in Fig. 2 . The absorbance is increased obviously with the rising amount of FeCl3. It is likely that the degree of the reaction is enhanced with the rise of FeCl3. The absorbance reaches its maximum when the molar ratio of FeCl3 to ESL is 80, and the absorbance does not change with the increasing amount of FeCl3. This clearly indicates that all ESL is oxidized substantially by Fe(III), and that the formed soluble prussian blue reaches its maximum. In order to ensure that ESL can be oxidized completely, we choose the molar concentration of FeCl3 to be 100 times more than that of ESL. In other words, 1.00 mL of 1.5 × 10 -2 mol L -1 FeCl3 is selected as the optimum condition. 
Influence of potassium ferricyanide
In order to discuss the influence of the amount of K3[Fe(CN)6] on the determination of ESL, we submitted the molar ratios of K3[Fe(CN)6] to ESL ranging from 0 to 60 to the proposed procedure. As can be seen in Fig. 3 , the absorbance reaches its maximum when the molar ratio of K3[Fe(CN)6] to ESL is 40, and stay at a constant when the molar ratio of K3[Fe(CN)6] to ESL is above 40. It is probable that ESL has reacted with Fe(III) completely, and the amount of formed Fe(II) reaches a fixed value in the reaction solution. Accordingly, the amount of soluble prussian blue reaches its maximum when the molar ratio of K3[Fe(CN)6] to ESL is 40. Consequently, the molar concentration of K3[Fe(CN)6] is chosen to be 50 times more than that of ESL. In other words, 0.50 mL of K3[Fe(CN)6] is selected as the optimum condition of determination.
Influence of temperature and standing time
On keeping the solution standing for 20 min, we could discuss the influence of temperature on absorbance. The results show that the absorbance reaches its maximum at 15 C; however, the absorbance declines rapidly when the temperature is above 15 C. It is likely that the soluble prussian blue is prone to decompose when the temperature is above 15 C.
Keeping the temperature at 15 C, we measured the absorbance every 5 min. It is found that the absorbance is maximal when the standing time is 10 min and the absorbance remains the same for at least 20 min. Therefore, 15 C and 10 min are selected for further experiments.
Influence of pH
The pH of the reaction solution can influence the absorbance, as can be seen in Fig. 4 . It is found that under the condition of pH = 1 -4, the absorbance has reached its maximum, and the absorbance clearly remains constant. When the pH of the reaction solution is above 4.0, the absorbance decreases obviously. This may be attributed to the fact that Fe(III) is prone to hydrolyze under high pH, and Fe(OH)3 would be formed, which is insoluble in water solution. This agrees with the experimental phenomena that the reaction solution is turbid when the pH is above 4.0. In order to make the determination sensitive, one should keep the pH of the reaction solution under the condition of pH = 1 -4.
Reaction mechanism
The proposed method is based on the fact that the dihydroxybenzenes in ESL have strong reducibility, and they can be directly oxidized by Fe(III). Subsequently, the formed Figure 6 shows the influence of different organic solvents on absorbance. In comparison with no influence of CH3CH2OH on absorbance, the influence of CH3CH2CH2OH and (CH3)2CHOH on absorbance are much more remarkable. It is likely that the lone pairs of electrons in organic solvents react with H2O to produce hydrogen bonds and this will lead to the decrease of the polarity of the solution. Accordingly, the stability of product may increase along with the decrease of the polarity of the solution, 16 and the absorbance of the solution will increase. For the same added amounts of organic solvents in the solution, those organic solvents will influence the absorbances to different degrees. This may be attributed to the fact that the dielectric constants of the organic solvents are relatively different.
Influence of organic solvent
Calibration curve
According to the procedure, a linear relationship between the absorbance (A) of the product and the concentration (C) of ESL is obtained in the range of 0.16 -24.00 µg mL -1 . The linear regression equation obtained from Fig. 7 is A = 0.03133 + 0.08091C (µg mL -1 ) with a correlation coefficient of 0.9998. Also, the molar absorption (ε) of indirect determination of CPH is 2.1 × 10 4 L mol -1 cm -1
. According to the procedures, the absorbance of the solution is determined for a total of 11 times with a relative standard deviation (RSD) of 0.92%. The absorbance of the reagent blank is measured 11 times. The detection limit is 0.11 µg mL -1 , as determined from three times the standard deviation of the reagent blank divided by the slope of the linear regression equation. Our result indicates that the repeatability and sensitiveness are excellent.
Interference of coexisting components
A systematic study of the influences of excipient, protein, carbohydrate and minerals is carried out for ESL determination. The tolerance levels are defined with an error less than ±5% in the analysis. We conclude as follows: 0.32 mg mL - 
Application to pharmaceutical and biological analysis
The determination for ESL in injection sample. According to the procedure, different concentrations of injection sample are determined, and the results are shown in Table 1 . The analytical results agree well with the reference method; 5 these are successful and satisfactory, with low RSD. Determination and recovery of ESL in serum samples. The serum samples (after being diluted 50 times) are prepared as described in serum preparation for determination of ESL with this proposed method, and the results are shown in Table 2 . The results indicate that this proposed method can be successfully applied to determine ESL in serum samples with high accuracy and good recovery.
Analysis of method equivalence assessments
According to the procedures of proposed method and reference method, 5 1.60 and 16.00 µg mL -1 of injection sample were determined, and the results are shown in Table 3 . At a 0.05 significance level (95% confidence level), | t | < tcrit, accept H0: µ1 = µ2 there is no significant difference between these two methods. 
Conclusion
This is the first time that the determination of ESL has been carried out by using K3[Fe(CN)6] as spectroscopic probe reagent; the method is based on the reducibility of ESL. The experiment shows that Fe(III) is reduced by ESL to produce Fe(II), and that the formed Fe(II) reacts with K3[Fe(CN)6] to form soluble prussian blue. Meanwhile, the amount of ESL can be measured according to the absorbance of the product (soluble prussian blue). A simple, sensitive, reliable and selective method has been established for the determination of ESL in pharmaceutical and biological samples; the analysis of method equivalence assessments produces with satisfactory results. 
